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? 1 ? ?? 4
(5) Measured service
On-demand self-service???????????????????????????????







(1) Software as a Service (SaaS)
(2) Platform as a Service (PaaS)
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? 2.3 ?????????????
???????????????????? VMM????? VM??????????
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(1) Time Stamp Counter (TSC)
(2) Process ID (PID)
(3) Program Counter (PC)
VM?????????? ???????????
(4) VPID (VIRTUAL PROCESSOR ID)
(5) Guest PC (Program Counter)
(6) Guest CR3 (Control Register 3)
???????
????????
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(7) VM-Exit reason number
?????????????????????VMCS????????? 2.6 ????
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VMM?????????????????VMM????????VM???????PID
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? 2.1 ????????????????Fujitsu Primergy BX900 blade server?????
?????OS????OS???Linux kernel 2.6.32?????VMM??KVM?qemu-kvm?





MySQL [64]???? Java VM?JVM?[65] ?????????????????????
????????libquantum ???????????????????????????






??????????? LAMP?Linux, Apache, MySQL, and PHP/Perl/Python????
??????????Web????????????DB???????????MySQL?
OLTP??????? Sysbench [67] ?????????VMM?????????????
???????????????????????????? JVM??????? JVM?
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? 2.1 ????
?????
CPU Intel Xeon X5570, 2.93 GHz
Num. of booted CPU 1 or 2 (x4.1 to x4.3), 4 (x4.4)
Memory 24 GB
OS RHEL Server 6.31 64 bit (kernel 2.6.32-279 x86 64)
VMM qemu-kvm-0.12.1.2
?????
Num. of vCPU 1 or 2 (x4.1 to x4.3), 4 (x4.4)
Memory 4 GB (x4.1 to x4.3), 20 GB (x4.4)
OS RHEL Server 6.31 64 bit (kernel 2.6.32-279 x86 64)
Domain names guestOS1, guestOS2, guestOS3
1Red Hat Enterprise Linux Server release 6.3
? 2.2 ????
???????
Sampling rate 1 ???
Duration 30 ? (x4.1 to x4.3), 60 ? (x4.4)
Sampling base event CPU CLK UNHALTED.REF P
?????? 1 (x4.1 to x4.2)
Program libquantum 0.9.1
Compiler gcc version 4.4.6 20120305
Optimization -O2
Invocation ./shor 1397 8
?????? 2 (x4.3)
Program MySQL 5.1.61-4.el6 for x86 64
Benchmark SysBench 0.4.12-5.el6 for x86 64
?????? 3 (x4.4)









































???? libquantum????????????? pCPU???????VM? vCPU??
???VM? 1VM?guestOS1??????? 2.3 ??????????????????
?????????????? 2.4 ?????????VM??????????????
??????????????????? 2.9 ????libquantum???? VM????
?????????????????????????????????????????
?????????????????????VMM????? VM??????????
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Profiled Function and steal
in native (Native profiling)
in guest (Unified VM profiling)
? 2.9 Native proling???Unied VM proling?????
???????
????????
? 2 ? ?????????????? 34
? 2.3 Native proling??
Total samples:29938 OS:USER = 1.17%:98.83%
Samples %Ratio Function Module
18281 61.06 quantum tooli libquantum
5836 19.49 quantum sigma x libquantum
4624 15.45 quantum cnot libquantum
674 2.25 quantum swaptheleads libquantum
171 0.57 quantum objcode put libquantum
14 0.05 rb reserve next event vmlinux
12 0.04 update wall time vmlinux
12 0.04 rb end commit vmlinux
11 0.04 run timer softirq vmlinux
10 0.03 ring buer lock reserve vmlinux
? 2.4 Unied VM proling???Guest-level proling???
Total samples:29996 OS:USER:steal = 1.49%:93.47%:5.04%
Samples %Ratio Function Module
16984 56.62 quantum tooli libquantum
6752 22.51 quantum sigma x libquantum
3330 11.10 quantum cnot libquantum
1511 5.04 [ steal ] (outside)
766 2.56 quantum swaptheleads libquantum
198 0.66 quantum objcode put libquantum
28 0.09 apic timer interrupt vmlinux
22 0.07 native apic mem write vmlinux
17 0.06 run hrtimer vmlinux
17 0.06 pvclock clocksource read vmlinux
???????
????????
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? 2.5??VMM???????????????Host-level proling???????VMM




? 2.5 Unied VM proling???Host-level proling???
Total samples:29914 OS:USER:VM = 4.71%:0.34%:94.95%
Samples %Ratio Function Module
28402 94.95 [ guestOS1 ] (VM1)
82 0.27 vmx vcpu run kvm intel
41 0.14 update curr vmlinux
34 0.11 copy user generic string vmlinux
32 0.11 kvm arch vcpu ioctl run kvm
32 0.11 rb reserve next event vmlinux
31 0.10 (stripped local functions) qemu-kvm
29 0.10 ring buer lock reserve vmlinux
24 0.08 update wall time vmlinux
24 0.08 x86 decode insn kvm
???????
????????
? 2 ? ?????????????? 36
????????? VM?????libquantum????????????process 1?
process 2?????????? 2.6 ????????????????????????
??????????Native proling??????????? 2.10 ??????????
?????????????????????????????????????????





% : 49.9 %??????????????VM????????????????CPU??
?????????????????????????????CPU?????????
?????????VM??????????????CPU?????top????? 49.9
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? 2.6 ??????????????????????Native proling??
Total samples:29938 OS:USER = 1.27%:98.73%
Samples %Ratio Function Module
8963 29.94 quantum tooli libquantum(2)
8915 29.78 quantum tooli libquantum(1)
3089 10.32 quantum sigma x libquantum(2)
3052 10.19 quantum sigma x libquantum(1)
2402 8.02 quantum cnot libquantum(1)
2314 7.73 quantum cnot libquantum(2)
324 1.08 quantum swaptheleads libquantum(2)
323 1.08 quantum swaptheleads libquantum(1)
91 0.30 quantum objcode put libquantum(2)
78 0.26 quantum objcode put libquantum(1)
15 0.05 rb reserve next vmlinux
12 0.04 ring buer lock reserve vmlinux
? 2.7 VM?????????????????Unied VM proling??
Total samples:30000 OS:USER:steal = 1.75%:93.27%:4.98%
Samples %Ratio Function Module
8103 27.01 quantum tooli libquantum(1)
8094 26.98 quantum tooli libquantum(2)
3673 12.24 quantum sigma x libquantum(1)
3633 12.11 quantum sigma x libquantum(2)
1739 5.80 quantum cnot libquantum(1)
1721 5.74 quantum cnot libquantum(2)
1494 4.98 [ steal ] (outside)
392 1.31 quantum swaptheleads libquantum(1)
384 1.28 quantum swaptheleads libquantum(2)
128 0.43 quantum objcode put libquantum(2)
98 0.33 quantum objcode put libquantum(1)
37 0.12 apic timer interrupt vmlinux
???????
????????
? 2 ? ?????????????? 38
????2vCPU?VM?????? vCPU???? libquantum???????????
???????VMM?????????????????? 2.8 ?? 2.9 ????? 2.8
??vCPU0???????????????????????? 2.9 ??vCPU1???
????????????????????libquantum????????????????
? 2.11 ???????????????????????? 2.12 ???????????
























































Profiled Function in libquantum process
process1 bonded to vCPU0/pCPU0
process2 bonded to vCPU1/pCPU0















































Profiled Function in libquantum process and steal
1 vCPU / 1 pCPU
2 vCPUs / 1 pCPU





? 2 ? ?????????????? 39
? 2.8 1pCPU?? 2vCPU???VM???? vCPU0??Unied VM proling??
Total samples:30000 OS:USER:steal = 0.75%:46.77%:52.48%
Samples %Ratio Function Module
14994 49.98 [ steal ] (on vcpu1)
8669 28.90 quantum tooli libquantum(1)
3210 10.70 quantum sigma x libquantum(1)
1678 5.59 quantum cnot libquantum(1)
750 2.50 [ steal ] (outside)
345 1.15 quantum swaptheleads libquantum(1)
122 0.41 quantum objcode put libquantum(1)
26 0.09 apic timer interrupt vmlinux
18 0.06 pvclock clocksource read vmlinux
8 0.03 spin lock vmlinux
? 2.9 1pCPU?? 2vCPU???VM???? vCPU1??Unied VM proling??
Total samples:30000 OS:USER:steal = 0.90%:46.37%:52.72%
Samples %Ratio Function Module
15006 50.02 [ steal ] (on vcpu0)
8612 28.71 quantum tooli libquantum(2)
3176 10.59 quantum sigma x libquantum(2)
1641 5.47 quantum cnot libquantum(2)
811 2.70 [ steal ] (outside)
353 1.18 quantum swaptheleads libquantum(2)
121 0.40 quantum objcode put libquantum(2)
38 0.13 apic timer interrupt vmlinux
28 0.09 pvclock clocksource read vmlinux
14 0.05 native apic mem write vmlinux
???????
????????





?????Guest-level proling?????? 2.10 ??pCPU0?????????? vCPU0
???????????????????????? 2.11 ??pCPU1?????????
? vCPU1???????????????????????libquantum????????

























































Profiled Function in libquantum process
process1 bonded to vCPU0/pCPU0
process2 bonded to vCPU1/pCPU1



















































Profiled Function in libquantum process and steal
pCPU0 when 1vCPU / 1pCPU
pCPU0 when 2vCPUs / 1pCPU
pCPU0 among 2vCPUs / 2pCPUs




? 2 ? ?????????????? 41
? 2.10 2pCPU?? 2vCPU???VM???? vCPU0??Unied VM proling??
Total samples:29998 OS:USER:steal = 1.05%:93.71%:5.23%
Samples %Ratio Function Module
17243 57.48 quantum tooli libquantum(1)
6743 22.48 quantum sigma x libquantum(1)
3545 11.82 quantum cnot libquantum(1)
1570 5.23 [ steal ] (outside)
458 1.53 quantum swaptheleads libquantum(1)
114 0.38 quantum objcode put libquantum(1)
38 0.13 pvclock clocksource read vmlinux
26 0.09 apic timer interrupt vmlinux
24 0.08 native apic mem write vmlinux
9 0.03 rb reserve next event vmlinux
? 2.11 2pCPU?? 2vCPU???VM???? vCPU1??Unied VM proling??
Total samples:30000 OS:USER:steal = 1.05%:96.36%:2.59%
Samples %Ratio Function Module
17873 59.58 quantum tooli libquantum(2)
6520 21.73 quantum sigma x libquantum(2)
3697 12.32 quantum cnot libquantum(2)
777 2.59 [ steal ] (outside)
653 2.18 quantum swaptheleads libquantum(2)
155 0.52 quantum objcode put libquantum(2)
25 0.08 native apic mem write vmlinux
23 0.08 pvclock clocksource read vmlinux
21 0.07 apic timer interrupt vmlinux
16 0.05 rb reserve next event vmlinux
???????
????????










? 10 % ?????????????????????????????????????















????????? 2.16 ???????Du????????? 0.048 %???????
??????? 0.041 % ??????????????????????????????
?????????Du?????????VM???????????????????
????????????????????????? 0.077 % ????????????
?????????VM???????????????? 0.125 % ??????????


































?????VM?????????????????? 0.302 %????????? 0.1?
?????VM?????????????????? 3.084 % ??????????1?





























? 2 ? ?????????????? 44
???????????RDBMS?????????????????MySQL??Web?
???????DB????????????????????????? LAMP?Linux,
Apache, MySQL, and PHP/Perl/Python?????????????????MySQL?
OLTP??????? Sysbench [67] ????????????pCPU?????????
??????????? vCPU????VM?????? vCPU????? pCPU????
?????????????? vCPU??MySQL?????????????? vCPU?
? SysBench????????OLTP??????????????????????5?





????????OLTP?????? CPU???????? 2.17 ??????????
???????CPU?????? 100 % ?????????MySQL???????CPU






















The number of worker threads
with 1.0ms rate sampling
































The number of worker threads
without sampling
with 1.0ms rate sampling























? 2 ? ?????????????? 46
2.4.4 ?????????????
?????VMM??????????????????????????VM?????
? SPECjbb2013 [68] ??????????????SPECjbb2013???????????
Java???????????????????????????????Java??????
???????????????????????????????????4?? pCPU
? 24 GB ??????????????????????VM???4?? vCPU? 20 GB
???????????? vCPU??????????? pCPU????????????
VM?? JVM???????????????SPECjbb2013????????VM???




SpinPause???CPU???? 11.10%?ParMarkBitMap::live words in range???CPU
???? 10.05%??????????????????????????????????
?? SPECjbb2013.????????????????????????????ParMark-
BitMap::live words in range????????????????GC???????????
????????GC???????????SpinPause????????????????
????
? 2.12 VM?? SPECjbb2013?????????????
Total samples:240007 OS:USER:IDLE(halt):steal = 7.43%:81.83%:0.01%:10.73%
Samples %Ratio Function Module
74427 31.01 (jvm internal functions) java???
26637 11.10 SpinPause libjvm.so
25749 10.73 [steal] (outside)??
24123 10.05 ParMarkBitMap::live words in range libjvm.so
9174 3.82 ParallelTaskTerminator::oer termination libjvm.so
????GC???????????????????????????????????
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previous (heap mem. 8GB)
tuned (heap mem. 16GB)
? 2.21 ???????????
? 2.13 ?????? SPECjbb2013?????????????
Total samples:240009 OS:USER:IDLE(halt):steal = 5.44%:90.08%:0.02%:4.46%
Samples %Ratio Function Module
180019 75.01 (jvm internal functions) java
10715 4.46 [steal] (outside)
3376 1.41 JVM LatestUserDenedLoader libjvm.so
2265 0.94 PSPromotionManager::copy to survivor space libjvm.so










































































? 3 ? ??/??CPU???????????????? 51
? 3.1 ????
?????
CPU Intel Xeon E5-2697 v3, 2.60 GHz
Num. of pCPU 14
Memory 128 GB




Num. of vCPU 2
Memory 8 GB
OS RHEL Server 7.11 64 bit
(kernel 3.10.0-229.el7.x86 64)
1Red Hat Enterprise Linux Server release 7.1
? 3.2 Unied VM proling??
Total samples:29932
Samples %Ratio Function Module
2366 7.90 [ steal ] (outside)
1098 3.67 rb iterate postgres
855 2.86 ip6t do table ip6 tables
655 2.19 hash search with hash value postgres
575 1.92 SearchCatCache postgres
532 1.78 PostgresMain postgres
(??)




? 3 ? ??/??CPU???????????????? 52
???OS?????????????mpstat ?????vCPU0??CPU?????
???????%usr was 53.27, %sys 23.33, %soft 23.36, %idle 0.03 and %steal
0.00?????????VMM????????????????????? [71]?2 ??
?????????? 3.2??????vCPU0?????? 2????????????
????7.90 % ?????????????????VM-Exit reason number?????
??VM???WRMSR??????VM-Exit reason number 32?? 90.25 %??????
?VM-Exit reason number 1?? 9.62 %?EPT???VM-Exit reason number 48?? 0.08%?
VM??? IO??????VM-Exit reason number 30?? 0.04 % ???????????
??????? 2???????????VM???CPUID??????VM-Exit reason
number 10??VM???PAUSE??????VM-Exit reason number 40??EPT???











????????2 ??? 2.1 ???????????VMM?????????????
?????????????????????????????????????????
?? pCPU?????VM?guestOS1?guestOS2???? guestOS3????????VM
? vCPU????????? VM???libquantum????????????? 3.3 ??
guestOS1?????????????????? 3.4 ??VMM???????????
??????? 3.3 ???VM1??????????69.39% ?????????????





? 3 ? ??/??CPU???????????????? 53
? 3.3 guestOS2? guestOS3??????????? guestOS1?Unied VM proling?
??Guest-level proling???
Total samples:29999 OS:USER:steal = 0.79%:29.82%:69.39%
Samples %Ratio Function Module
20816 69.39 [ steal ] (outside)
5156 17.19 quantum tooli libquantum
2286 7.62 quantum sigma x libquantum
1160 3.87 quantum cnot libquantum
265 0.89 quantum swaptheleads libquantum
73 0.24 quantum objcode put libquantum
21 0.07 apic timer interrupt vmlinux
11 0.04 pvclock clocksource read vmlinux
10 0.03 ring buer lock reserve vmlinux
9 0.03 native apic mem write vmlinux
? 3.4 guestOS1?guestOS3?3VM????Unied VM proling???Host-level proling
???
Total samples:29932 OS:USER:VM = 6.81%:0.68%:92.51%
Samples %Ratio Function Module
9402 31.41 [ guestOS3 ] (VM3)
9161 30.61 [ guestOS1 ] (VM1)
9125 30.49 [ guestOS2 ] (VM2)
137 0.46 vmx vcpu run kvm intel
67 0.22 update curr vmlinux
59 0.20 rb reserve next event vmlinux
59 0.20 (stripped local functions) qemu-kvm
50 0.17 copy user generic string vmlinux
49 0.16 kvm arch vcpu ioctl run kvm
39 0.13 ring buer lock reserve vmlinux
???????
????????






??? 67 %?20?/30? = 66.7 % ???????
? 3.5 ??VM???????????????Guest-level proling?????? 3.6 ??
VMM???????????????Host-level proling?????????? 3.5 ???
???VM????idle? 67.40% ?????????????VMM??? idle?poll idle
?????? 3.6 ???66.73% ???????????????????????????







? 3 ? ??/??CPU???????????????? 55
? 3.5 ???????? guestOS1?Unied VM proling???Guest-level proling???
Total samples:30000 OS:USER:IDLE:steal = 0.54%:30.42%:67.40%:1.64%
Samples %Ratio Function Module
20220 67.40 [ idle ] (halt exit)
4987 16.63 quantum tooli libquantum
2326 7.76 quantum sigma x libquantum
1063 3.54 quantum cnot libquantum
492 1.64 [ steal ] (outside)
392 1.31 quantum gate1 libquantum
237 0.79 quantum swaptheleads libquantum
61 0.20 quantum objcode put libquantum
50 0.17 mulsc3 libquantum
13 0.04 apic timer interrupt vmlinux
? 3.6 1VM?guestOS1???????Unied VM proling???Host-level proling???
Total samples:29943 OS:USER:IDLE:VM = 2.17%:0.17%:66.73%:30.93%
Samples %Ratio Function Module
19982 66.73 poll idle vmlinux
9260 30.93 [ guestOS1 ] (VM1)
25 0.08 vmx vcpu run kvm intel
21 0.07 ring buer lock reserve vmlinux
17 0.06 update curr vmlinux
17 0.06 do select vmlinux
15 0.05 rb reserve next event vmlinux
15 0.05 (stripped local functions) qemu-kvm
13 0.04 trace clock local vmlinux
11 0.04 apic timer interrupt vmlinux
???????
????????











???? Func A???????????????? 3.1???????????????


































????? vCPU?vCPU0? vCPU1????????vCPU? pCPU?????????
?????????????VMM????????????????? 3.2 ???t1??
t4????????????????????VM??????????VMM?????














reason number??????VM-Exit reason number? 12??????????????
?????12?????????????????vCPU?????????????VM
??????????????????? pCPU??????pCPU??????????
???????? 3.2 ????b????VM1? vCPU1????????????????











? [Steal]?????????????????????????? 3.3 ????a????
?????????????????????????????????????????
?????????????????????????????????????????











????? 3.1 ????????????????vCPU????vCPU0? vCPU1???




???????? compute a?????? compute b???compute a? compute b?CPU
???? 80 % ? 20 % ???????????????????????????CPU?





































without other VMs load (base)
with another VM load
with two other VMs load
? 3.4 ??????????????
????











without other VMs load (base)
with another VM load





?? 213.34?????????vCPU0? 60??? 35788???????????????
?????????????????????????????????????????
??? 3.1 ???????127.25?????
35788[???????????] 0:001[?] 60[?] 213:34[?] (3.1)
??????????????????????????????????????? 86.09
? ?????????VM????????????????????????????



















without other VMs load (base)
with another VM load
with two other VMs load
? 3.6 ??????????????
PostgreSQL????







without other VMs load (base)
with another VM load


































? 3.8 16????????? PostgreSQL????????????????
???????
????????
















































































































































Host IP 8 ???????????
Host Thread ID 4 ????????? ID
Host PID 4 ????????? ID
Host Return IP1 8 ?????? 1
Host Return IP2 8 ?????? 2
TSC 8 ???????????
vPROCESSOR ID 8 CPU?????CPUID
Guest IP 8 VM????????
Guest CR3 8 VM?????????
????
VMEXIT REASON 8 VM EXIT????





















































































??????????? 4.2 ??????????????CPU?vCPU??? 1???
???VM?? 1VM?10VM????????VM??????????????????





??????? x?y???????A???E?????? 4.3 ??????????t1, t2,
...?????????????????????A?????????B?????
? ??????? ???????? ?????? ?
? ???????? ???????? ?????? ?







































OS CentOS Linux 7.2.1511 64bit
?kernel 3.10.0-327.28.2.el7.x86 64?
????
VM? 1, 2, 3, ..., 10












PMC?????????????????? pCPU? TSC??????????? TSC
???????????????????




































????? 4.1 ????????????????????? 35%????












??????????? 4.5 ????????????????? 1?VMM??????
?? x ?????????B0????????? 2?VM???????? yi??????
???Bi??????i=1,2,3, ...????? 3?VMM???????? x ????????
A0???????????????????????VM???????? 2???VM?
????????????????????VM????????????? 2?????
??????????????? 1?3????????????? 4.3 ????others??
































VM? ?? 1 ?? 2 ?? 3 others
1 0.87 31.24 0.06 0.65
2 0.91 62.32 0.06 0.58
3 0.87 94.23 0.06 0.51
4 0.91 125.47 0.06 0.44
5 0.93 156.93 0.06 0.37
6 0.97 188.55 0.06 0.29
7 1.00 220.35 0.07 0.22
8 1.02 252.33 0.07 0.15
9 1.17 283.99 0.08 0.09
10 1.18 317.17 0.09 0.02
4.4.2 ??????????
??????????????????????????????????????Linux





































????4.4.1 ??? 4.2 ????????????????vCPU?? 2?VM?? 1?
????????????? 20??30??60??120?? jacobi???????????
????jacobi???????????????????
(1) vCPU? 2????VM? 1??????
(2) ??????????????????????????????????












?? 30???????????????? [71] ???????????????????
????????????????????????????????????????















































???? VM?????????????????? y ??????????????
????????4.4.1 ???????????????? 1?????????????
??????????jacobi????? nice?? 0??? vCPU????????????
?????? y? nice??-20??????






?????????? 4.9 ????????????????????? 4.4 ?????
?????????????????????????????????
?1????????????????1/4???????????????????????
VM? 1??? 28.1%??VM? 10??? 27.5%?????????????4.4.1 ?




????????????????????VM? 1??? 23.6%??VM? 10??
? 2.7%???????
?3????????????? x ??????????????????????????











































? vCPU??????????????????? 1?? vCPU????????????
?? y???????????





























?????????????????????? 2vCPU/VM?? 3vCPU/VM?? jacobi
????????????????????? y ????? vCPU???????????








































?????? 4.11 ????? 4.11 ????????????????????????
?????????????jacobi??? 2?????????????????????
????1VM?? 6VM????????6VM?? 7VM??????????60????























? 4.11 ??????????????? 1??????????????
???jacobi??? 3??????????????????????????????
????VM?? 4?? 5???????????????? vCPU?? 12?? 15???
?????vCPU?? pCPU???????????????????????VM?? 9











































???????????? 318.46??? 8.47?? 2.7%?????????????
?? 8.47????????????????????????????????????
??????????????????????????VM?????????Amazon




























































































































???????????? t0???????? t1?????????? t2????????
??? 5.3 ??????????





















t0 + t1 > (t0 + t2) n (5.1)
5.2.3 ???????????




?? [78] ???????????????????????VM?????? [78] ???
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?????????????????????????????? 5.1 ?????n=1?




CPU Intel Xeon E5-2697v3 2.60 GHz
14??? 1
Memory 24 GB
LAN 1 Gbps Ethernet
Disk HDD SATA 7200 rpm 250 GB




VM? 1, 2, 3, ..., 10
vCPU? 1
Memory 4 GB










??????????? SSD(NVMe PCI3.0x4)??????? 5.4 ?????????
?????????????? 5.5 ???????????????? SSD??????
???????
????????






























































? 5.5 ???????????HDD?????? SSD???????????????
???????
????????
? 5 ? ????????????????????????????? 91
5.3 ??????????
5.3.1 ??????????
VM????????????????????????????? 5.2 ??? 1?3??
????????????????????5.2.3 ??????????????? 5.6 ??
?? 1?3????????????????????????????????? 2???
3??????VM????????????????????VM? 10????? 2??
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5.4 ??
5.4.1 ?????????????????
































????? 1?3??????????? 5.9 ???????????VM? 1???VM?




























































































































? 5.12 1VMM??? 10VM????VMM???????????
???????
????????
? 5 ? ????????????????????????????? 97
5.5 ????
???????????????????????DCPI?DIGITAL Continuous Proling













????????????????????????Amazon CloudWatch [76] ?Open-




??Bitzes???? [42] ? Sharma???? [80] ????Bitzes? [42] ??Linux perf [34]
?????Intel CPU????PMC???Counting mode?Sampling mode????PEBS
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